Introduction
Colonization of small cereal ears by Fusarium fungi and subsequent contamination of grain with fungal secondary metabolites -mycotoxins -may detrimentally affect health of animals and people (Galtier 1998) . Several authors (Miller et al. 1985; Bay et al. 2004 ) have demonstrated a close linear relationship between seed infection and deoxynivalenol (DON) toxin concentration level. Higher incidence of Fusarium leads to increased foaming of beer, which is unfavourable from the consumer's point of view (Urrea et al. 2005) .
In Slovakia, the most frequent Fusarium isolates from barley are: Fusarium poae (Peck) Wollenweb., Fusarium sporotrichioides Scherb., Fusarium avenaceum Fr. Sacc., Fusarium culmorum (W. G. Smith), and Fusarium graminearum Schwabe. The most common species of Fusarium responsible for Fusarium head blight (FHB) are F. graminearum and F. culmorum. These two pathogens are closely related. Resistance in wheat plants to F. culmorum is correlated with resistance to F. graminearum (Mesterhazy 2002) . The strain type and frequency of incidence depends on multiple agro-environmental factors that decrease danger of the spread of the infection (Perkowski et al. 2002) . In comparison to wheat, barley is subjected to ear fusariosis (FHB) to a lesser extent. This is mainly due to a shorter period from the beginning of ear growth till grain maturing (Callum et al. 2001; Jansen et al. 2005 ) and also to a different type of flowering, which also defines disease susceptibility. Effective seed treatment chemicals, benomyl and tebuconazole, reduce head blight incidence (Jones 2000) . Various chemical and biological agents are recommended at other circumstances (Hýsek et al. 2002; Kottapalli et al. 2005) , while at FHB it is generally recognized that the most effective measure is cultivation of resistant species. The deployment of resistant cultivars is one of the best means for combating of FHB in barley.
The aim of the presented experiment was to investigate the resistance of certificated cultivars of barley to FBH in Slovakia. Additional screening tests with F. culmorum were made in the field for Type I (spray inoculation) and Type II (single floret inoculation) resistance and cultivars ability to reduce the accumulation of DON.
Material and methods

Design of the experiment
In 2004 and 2005, the Research Institute of Plant Production (Piešťany, Slovakia) established an infective nursery of 32 registered cultivars of spring barley inoculated according to the two blocks in each year at its study plot in Piešťany. Heads of barley were either (i) spray inoculated to test the reaction to initial infection -Type I resistance sensu Schroeder & Christensen (1963) , or (ii) inoculated with a single floret injection to measure the resistance to spread within the head -Type II resistance sensu Schroeder & c 2007 Institute of Molecular Biology, Slovak Academy of Sciences Christensen (1963) . The area of the nursery was 1.0 m 2 , the experience of other researchers being also utilized in its establishing (e.g. Mesterházy 1997 ). Ten ears of each cultivar (Ittu et al. 2000) were inoculated by both methods. Inoculation was performed at anthesis by injecting inoculate directly into the central florets of each inoculated head. Ears of similar size and development were selected for inoculation. Spore suspension (10 mL) of an aggressive F. culmorum isolate (concentration 5 × 10 5 spores/mL) was sprayed. For the single floret method a precise dose of inoculate (0.1 mL) was inoculated using a calibrated pipette. The experiment was done in the time of flowering; each day new inoculate was prepared. After inoculation each group of spikes was covered with polyethylene bag that was removed after 24 h.
Inoculate preparation
For multiplication of F. culmorum, monosporic isolate of an aggressive strain was grown for 21 days on Potato-DextroseBroth from Sigma (St. Louis, USA), 20 g/L, at 25
• C and a 12 hours light period. Aggressivity of the isolate was proved by the in vitro test. Conidia, the aerial mycelium were scraped by razor blade from 50 Petri dishes (diameter 100 mm), homogenized with 2.5 L of distilled water using ETA grinder. The average number of conidia counted in a Burker chamber was 5 × 10 5 per mL.
Assessment of infection
Assessment of infection in individual ears began 5 days after inoculation, when the first symptoms of fusariosis were detected. Three evaluations were performed within 15 days. Infection of the individual ears was assessed in both inoculation methods based on the number of infected seeds in an ear. Seeds having brownish-white spots on the outer glumes were considered as infected and evaluated as a percentage ratio to those which were not inoculated. The areas under disease progress curves (AUDPC) were computed. The degree of inoculation was evaluated according to the 9 point scale: 0, 5, 10, 15, 25, 40, 65, 90, and 100% . Together with the extent of ear infection with fusariosis, length of 10 ears was measured. During the disease progression (time of inoculation -the 3 rd assessment), the atmospheric precipitation and temperature were monitored.
DON analysis
Pools of grain of 10 infected spikes were screened for DON after 15 days (the 3 rd assessment), the last evaluation, in each year. Eight varieties were chosen, including two resistant (under 100), two susceptible (over 200), and four moderately resistant ones (over 120). Quantitative analysis of mycotoxin DON was carried out by means of ELISA test using a RIDASCREEN FAST DON kit (R-Biopharm GmbH, Darmstadt, Germany). Individual grain samples were ground using an Ultra Centrifugal Mill, type ZK 100. Twenty mL distilled water were added to each ground sample with the weight of 1 g and the mixture was subsequently filtered. Fifty µL of the filtrate was used for analysis. Measurements were performed at 450 nm using the MRX II Microplate reader (Dynex Technologies).
Statistical analysis of the calculated AUDPC values was carried out using a simple grouping with interaction and testing by Duncan's test or a triple grouping with interaction, while for the assessment of the relationship between the signs, Pearson's correlation analysis was applied.
Results and discussion
Based on the evaluation of the number of infested grains in an ear in the infective nursery, a question arose prior to analysis of the resistance of different cultivars, i.e., how to interpret different ear length of the monitored cultivars (Table 1) , which significantly correlated with the number of grains in an ear (Fig. 1) . To eliminate the effect of the varying number of grains in the ears, the number of infested grains was expressed as a percentage ratio to the total number of grains in the ear, and only subsequently AUDPC was calculated to establish the resistance criterion. According to the analysis of dispersion of AUDPC data (Table 1) , all monitored factors and their relationships significantly influenced the final results, which emphasizes the complexity of the problem. The major influence was attributed to the methods of inoculation and to the plant cultivars used, while the smallest effect was exerted by the triple interaction. Despite the fact that the years 2004 and 2005 differed in weather conditions (especially precipitation) during the evaluation of FHB progression (Table 3) , correlation in the AUDPC values of the monitored cultivars in the studied years at spraying inoculation was positive and statistically significant (r = 0.41*), whereas at single-flower inoculation it was insignificant, but positive as well (r = 0.32). As demonstrated in Table 2 , at single-flower inoculation -Type II resistance sensu Schroeder & Christensen (1963) , the response of spring barley to F. culmorum (FHB) was weaker (average 93.1), with smaller variation interval of AUDPC values of the monitored species (113.96%) in comparison with spraying inoculation -Type I resistance sensu Schroeder & Christensen (1963) , at which the average AUDPC value reached 167.9 and the variation interval within the studied cultivars was 121.38%. Evident differences between the two types of resistance were also observed by other authors who reported a very low level of resistance to spread (Vivar et al. 1997) . In contrast to the lack of vertical spread reported above, lateral spread from spike to spike within a node of six-rowed spikes is common in barley (Urrea et al. 2002) . Differences were also found in the dynamics of the progression of ear fusariosis (Fig. 2) , which is at single-flower inoculation nearly linear and less pronounced than at spraying inoculation. Differences between the average percentage of resistant and susceptible varieties are small at single-flower inoculation, whereas they are very pronounced at spraying inoculation. Type I resistance provides better prospects for distinguishing resistance of spring barley cultivars against FHB. The variation in the resistance of different genotypes or geographic groups of spring barley was demonstrated by several authors (Vivar et al. 1997; Gagkaeva et al. 2002) .
The comparison of average AUDPC values (Table 2) with average values of daily precipitation ( Table Fusariosis of the ears of densely sown grains is influenced, along with agronomic and genetic factors, and also by climatic conditions (Snijders & Perkowski 1990; Campbell & Lipps 1999) . Rainy and warm weather (optimum temperature 25
• C) significantly affects spread of infection, especially during the flowering period (Parry et al. 1995 ).
Out of the tested cultivars, the following ones were assigned as resistant, based on the estimated average of AUDPC values (Table 2) : Amulet, Anabela, Biatlon, Kompakt, Ludan, Madonna, Maltz, Messina, Nitran, Orbit, Passadena, Saloon, and Tolar, while the varieties Bolina, Danuta, Kosan and Svit were assessed as susceptible. Certain cultivars revealed a different type of reaction towards F. culmorum in the monitored years: Akcent, Garant, and Maltz showed higher AUDPC values in 2005 in comparison with 2004. In the later variety Akcent, the high infection by single floret inoculation might have been caused by a rainy period between the second and the last evaluation. Differences in reactions of individual barley cultivars to F. culmorum were observed also in dependence to the method of inoculation. In spite of substantially higher average AUDPC value at spraying inoculation ( Rudd et al. (2001) and Šíp et al. (2004) indicated more favourable assessment of the spraying method used for ear inoculation.
There are no unambiguous data in the literature on the positive relationship between FHB and the content of mycotoxin DON in the grains of cereals. Some data indicate a weakly positive (Cooper et al. 2004; Franckowiak et al. 2004) 2004) relationship, whereas other authors (Ittu et al. 2000; Buerstmayr et al. 2004; Mielniczuk et al. 2004 ) proved a significant correlation among DON content and yield traits. To confirm this dependence, eight varieties of barley were chosen: two resistant, two susceptible, and four moderately resistant ones ( Table 2) . The relationship between the FHB of these eight spring barley cultivars and the content of mycotoxin DON was statistically insignificant, however, positive (Fig. 3) in both years. Lack of a strong correlation between the FHB and DON content implies the existence of different mechanisms of genetic resistance (Cooper et al. 2004) . Despite the fact that 2004 was more favourable for the development of ear fusariosis than 2005, correlation between the years was positive for both, the ear fusariosis (r = 0.68) and DON content (r = 0.78) (Fig. 3) . It is worth mentioning that in the resistant wheat lines, the applied toxin might have been converted to DON-3-Oglucoside (detoxification product), with the previously identified major FHB resistance trait locus (Lemmens et al. 2005) .
Differences in DON content can be demonstrated in different reactions of the assessed cultivars to F. culmorum in the studied years. Variety Danuta (No. 11, Fig. 3 ) is a significant example, which at a given AU-DPC value accumulated inadequately more mycotoxin DON in 2004 than in 2005. Differences in toxin accumulation were also observed between wheat cultivars infected by F. culmorum (Wisniewska & Busko 2005) . Since the resistance in wheat plants to F. culmorum is correlated with the resistance to F. graminearum (Mesterhazy 2002), the phytopathogenicity of the DON-producing species F. graminearum may be reduced by disruption of the trichothecene biosynthesis gene (Bai et al. 2002) .
